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Abstract: The 325MHz, =0.40 superconducting single spoke cavity (Spoke040) was one of the most challenges for
the China-ADS (Accelerator Driven System) project. The design was finished, and the fabrication was in progressing.
In this paper, we studied the main radio frequency (RF) and mechanical parameters, and compared the arc-shaped
and plate-shaped end group structures..
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1 Introduction
The successful horizontal test (H.T.) of the first
325MHz, =0.12 superconducting single spoke cavity in
IHEP in September 2013 have made a milestone in the
R&S of spoke cavities in China[1]. Spoke cavities oper-
ate in the fundamental TEM-mode, tested to date are
designed for particle velocities 0.15 < β < 0.75[2] A se-
rious of 325MHz, =0.40 superconducting single spoke
cavities had been designed to accelerate a 10mA proton
beam from 34MeV to 178MeV (0.26 < β < 0.54) , next
to Spoke021 cavities and then superconducting elliptical
cavities in the layout of China-ADS linac[2].
With the experience of successful design, fabrication,
processing and testing of the first two 325MHz,Spoke012
in IHEP, we were more confidence in the study of SC
spoke cavities. There are also many challenges in the de-
velopment of Spoke040. Its mainly size was much larger
than that of Spoke012 and Spoke021, which need more
concern on the mechanical properties and the facture of
the mold equipments. It would be the first time to study
β=0.40 single SC spoke cavity in the world.
In this paper, RF design parameters and mechanical
properties were respectively studied by CST microwave
Studio and Ansys workbench. A new design for the end
group would also been proposed.
2 RF design
The purpose of RF design is to get lower heat
load and a higher accelerating gradient, that is get a
higher R/Q0 and lower peak surface fields (Epeak/Eacc
and Bpeak/Eacc)[3]. Generally Epeak/Eacc should be
slightly less than 3[4]. Before doing the electromag-
netic optimizations of the Spoke040, several parameters
have been chosen in order to match China-ADS general
requirements:325MHz frequency; Proton beam energy
area: 34MeV-178MeV(0.26<β < 0.54); βg = 0.40; Total
length < 614mm (including the liquid helium bath and
tuner); Vcmax=2.86MV, come from Eacc = V c/βλ =
7.7MV ;Epeak< 32.5MV/m,Bpeak< 65mT .
And we summarized the principles for designing
Spoke040 cavity: Minimize the Epeak and Bpeak to
match the physics requirements; Minimize the length
and radius of the cavity to make it more tight to use
the already existing V.T. (vertical test) facilities and the
end flanges; Simple the structure, make it easier to fab-
rication and progress; R/Q and G should be as large as
possible to achieve promising Q0,decrease the Pc.
2.1 The sensitive analyze
Fig. 1. Cut-away views of the spoke cavity model
in the MWS and the main geometric parameters
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We used the original design progress to choose the
main geometric parameters for the Spoke040 cavity [4, 5].
First we chosen Lg − g = βgλ/2 = 185.0mm,Lcav =
2/3 ∗ gλ = 247.0mm,2 ∗ rb/Lcav = 0.4,W/Lcav =
0.8andRspoke01 =Rspoke02 =Rspoke03. Then sweep-
ing the main geometric parameters around those val-
ues to analysis how sensitive the RF parameters to the
changes would be. The results were showed in Fig2.
Fig. 2. The RF parameters change sensitive to ge-
ometric value
Taking rd(end wall bottom radius) as an exam-
ple:when ∆rd = 1mm,∆f = 1.1MHz,∆(Epeak/Eacc)=
0.02,∆(Hpeak/Eacc) = (0.07mT/MV )/m,∆(R/Q) =
1,∆G = 0.15Ohm,∆TTF = 0.001. The results showed
the rd mostly influence Hpeak/Eacc,fandR/Q; had less
influence on TTF and G; and almost no influence on
Epeak/Eacc.These provided us an effective criterion for
more details RF design.
2.2 RF optimization of the plate-shaped and
arc-shaped end groups
The Spoke040 cavitys main sizes are much larger than
that of Spoke021 and Spoke012 cavities. Considering im-
proving the mechanical performance, we compared two
types of end group to find a better geometric combi-
nation. Fig3 showed the difference between the end
groups. Table1 showed the main geometric chose and
table2 showed the RF parameters.
Fig. 3. Cut-away view of the plate-shaped (left)
and arc-shaped (right) end groups
Table 1. Geometric parameters of the two types
end group of Spoke040
Ltop/mm Lcav/mm Rcav/mm W/mm
Plate-shaped 370 292 278 160
Arc-shaped 386.6 292 278 160
Rbeam/mm rd/mm rt/mm rb/mm
Plate-shaped 25 110 60 98
Arc-shaped 25 120 60 98
Table 2. Main RF parameters of the two types
end group of Spoke040
RFparameters/ Units P late−shaped Arc−shaped
f MHz 324.41 324.44
Epeak/Eacc M 2.82 3.68
Hpeak/Eacc mT/(MV/m) 6.25 8.31
Q 22923.0 22795.6
R/Q 247.22 250.41
TTF 0.817 0.821
Compare to the plate-shaped end group, we just in-
creased the Ltop and rd of the arc-shaped end group
to compensate the wave transverse volume to adjust the
frequency on the basis of microwave perturbation theory.
The main influence on RF parameters were the increases
of Epeak/Eacc from 2.82 to 3.68 and Hpeak/Eacc from
6.25 to 8.31 mT/(MV/m) .
3 Mechanical studies
We simulated the naked shells mechanical parame-
ters in the room temperature T = 295.3K with niobium
in different thickness and pressure while the beam ports
were locked or not. The material properties of the nio-
bium used are: Density 8600kg/m3, Youngs modulus
1.03e11Pa, Poisson ratio 0.38. The results were shown
in Fig4 and Table3.
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Fig. 4. Simulation of deformation (left) and stress
(right) for Spoke040 @ the end group was plate-
shaped, 3.0mm Nb shell, 1atm and free beam
ports.
Table 3. Some mechanical results for naked
Spoke040 of different shapes, thickness, and pres-
sure @ locked beam ports
Plate-shaped
Peak stress./MPa 3.0mm 3.5mm 4.0mm
1.0atm 556.56 347.88 448.58
1.5atm 834.85 521.81 672.86
2.0atm 1113.1 695.75 897.15
Deformation./mm 3.0mm 3.5mm 4.0mm
1.0atm 0.46617 0.46611 0.37654
1.5atm 0.96476 0.69916 0.56481
2.0atm 1.2863 0.93221 0.75308
Arc-shaped
Peak stress./MPa 3.0mm 3.5mm 4.0mm
1.0atm 309 362.2 389.48
1.5atm 463.5 543.3 584.22
2.0atm 618 724.39 778.96
Deformation./mm 3.0mm 3.5mm 4.0mm
1.0atm 0.42168 0.33315 0.26586
1.5atm 0.63251 0.49972 0.39879
2.0atm 0.84335 0.66629 0.53172
The results shown the total deformation was mainly
found symmetrically around the beam tube. And the
max deformation appeared at the joint line of the arc
and the slope, where the ring added should function to
make the compromise. The press mainly gathered at the
bottom of the beam tube symmetrically. The deforma-
tion and press decreased while the Nb shells thickness
increased, but the material extensibility and hardness
should also been concerned in the fabrication. Take the
3.0mm, 1atm situation as an example: the deformation
and press of arc-shaped end group were much smaller
than those of plate-shaped end group, which made us
believe the sacrifice of the RF parameter in choosing the
arc-shaped was worthy.
4 Conclusion
The study of the 325MHz, β = 0.40 superconduct-
ing single spoke cavities was one of the key challenges
for the China-ADS main linac, and also no precedent
in the world. In this paper we introduced the opti-
mization of the main geometric parameters, the studies
of RF and naked mechanical parameters, and the com-
pare of arc-shaped to plate-shaped end groups. The first
SC Spoke040 cavity was just under construction. More
works about the analysis of multipacting, the design of
the rings and the study of the tuning sensitivity would
be published. The work for the processing and the test
were also in preparing.
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